We developed a time-and cost-effective multiplex allele-specific polymerase chain reaction (AS-PCR) method based on the two-step PCR thermal cycles for genotyping single-nucleotide polymorphisms in three alcoholism-related genes: alcohol dehydrogenase 1B, aldehyde dehydrogenase 2 and μ-opioid receptor. Applying MightyAmp ® DNA polymerase with optimized AS-primers and PCR conditions enabled us to achieve effective and selective amplification of the target alleles from alkaline lysates of a human hair root, and simultaneously to determine the genotypes within less than 1.5 h using minimal lab equipment.
Introduction
Single-nucleotide polymorphisms (SNPs), in which two alternative bases appear at a specific site in the human genome, constitute the most common type of genetic variation between individuals. SNPs have been demonstrated to offer great potential for identifying disease-causing genes, and establishing diagnostic markers and differential drug responses. Various methods for characterizing SNPs have been developed, including direct DNA sequencing, restriction fragment length polymorphism analyses, 1 allele-specific hybridization, 2 oligonucleotide ligation assays 3 and TaqMan ® PCR. 4 However, these methods are generally time-and cost-consuming, requiring specialized probes and expensive instruments and involving troublesome template preparation steps. The allele-specific polymerase chain reaction (AS-PCR) is a relatively simple SNP genotyping method that requires only conventional laboratory equipment. 5 Although AS-PCR has advantages over other techniques, the reaction conditions, including the PCR thermal cycles, concentrations of the reaction components and, in particular, primer design, must be optimized for effective allele-specific amplification, which is often laborious. 6 We herein report on an AS-PCR method for rapidly determining functional SNPs (rs1229984 and rs671) in alcohol metabolism-related genes, including alcohol dehydrogenase 1B (ADH1B) and aldehyde dehydrogenase 2 (ALDH2). 7, 8 ADH1B and ALDH2 are the principal enzymes responsible for hepatic alcohol metabolism. Because the ADH1B isozymes containing the β2 subunit encoded by the ADH1B*2 (A-allele) can oxidize ethanol faster than the homodimeric isozyme of the β1 subunit encoded by the ADH1B*1 (G-allele), individuals homozygous for the ADH1B*2 are expected to produce higher levels of toxic acetaldehyde than the other ADH1B genotypes.
Thus, ADH1B*2 has been recognized to be a protective allele for alcoholism. Homozygotes of the ALDH2*1 (G-allele) are at increased risk of alcohol dependence compared to heterozygotes, while ALDH2*2 (A-allele) homozygotes have a very low risk. Such association has been explained as being due to the difference in their capacity of the acetaldehyde clearance (higher in ALDH2*1/1, lower in ALDH2*1/2, and extremely low in ALDH2*2/2). Our SNP genotyping method takes advantage of the MightyAmp ® enzyme, a powerful DNA polymerase without any 3′-5′ exonuclease activity, to amplify the target genes via PCR directly from crude templates. Using a pair of single-tube PCR reactions under optimized conditions and primers for specific alleles, we achieved allele-specific duplex amplification from lysates of a human hair root, and successfully genotyped each SNP simultaneously. In addition, we further extended the method to allow for triplex AS-PCR in order to attain simultaneous genotyping of another SNP (rs1799971) in the μ-opioid receptor gene (OPRM1). The G-allele (OPRM1*G) of rs1799971 has been reported to be significantly associated with alcohol cravings and dependence in Asians. 9, 10 Although the molecular mechanism of how the OPRM1 SNP influences drinking behavior remains to be elucidated, the multiplexed SNP genotyping of the OPRM1 in addition to the ADH1B and ALDH2 is highly likely to be useful to predict the risk of alcoholism. To our knowledge, this is the first report of a rapid and cost-effective method for AS-PCR-mediated SNP genotyping ADH1B and ALDH2 genes (as well as the OPRM1 gene) by utilizing two-step PCR thermal cycles requiring 50 min or less.
Experimental Design

Reagents and subjects
MightyAmp DNA polymerase was purchased from TakaraBio (Shiga, Japan). Oligonucleotide primers were obtained from GeneNet (Fukuoka, Japan). Four gene fragments (380 -400 bp) containing each allele (ADH1B*1, ADH1B*2, ALDH2*1 and ALDH2*2) were custom synthesized and cloned into pIDTSMART-Amp vector (Integrated DNA Technologies, Coralville, IA). GelRed TM DNA stain was purchased from Biotium (Hayward, CA). Hair samples were obtained from 25 healthy Japanese volunteers who provided their informed consent to participate in this study. The Medical Ethics Committee of Fukuoka University approved the study protocol.
Template preparation
The PCR template was prepared according to a simple alkaline lysis method. Briefly, 18 μL of 50 mM NaOH was added to a microcentrifuge tube containing a hair with the root (ca. 1 cm). The sample was incubated at 95 C for 10 min, after which 2 μL of 1 M Tris-HCl (pH 8.0) was added and the mixture was vortexed.
Following brief centrifugation, the resulting debris-free supernatant was used as a template for PCR. In order to validate the experiments, allelic gene-containing pIDTSMART-Amp plasmids were mixed at a final total DNA concentration of 20 fg/μL so as to obtain a mixture corresponding to a specific genotype among the nine genotypes as follows: 1) ADH1B*1/1, ALDH2*1/1, 2) ADH1B*1/1, ALDH2*1/2, 3) ADH1B*1/1, ALDH2*2/2, 4) ADH1B*1/2, ALDH2*1/1, 5) ADH1B*1/2, ALDH2*1/2, 6) ADH1B*1/2, ALDH2*2/2, 7) ADH1B*2/2, ALDH2*1/1, 8) ADH1B*2/2, ALDH2*1/2 and 9) ADH1B*2/2, ALDH2*2/2.
Genotyping using AS-PCR
The target SNP regions of the ADH1B and ALDH2 genes were simultaneously amplified via duplex AS-PCR using carefully designed primer pairs (Figs. 1(A) and 1(B) ). Four primers (ADH1B-Fwd, ADH1B-Rev1, ALDH2-Fwd and ALDH2-Rev1) were used to amplify the G-alleles (ADH1B*1 and ALDH2*1) in a single-tube PCR reaction. On the other hand, ADH1B-Fwd, ADH1B-Rev2, ALDH2-Fwd and ALDH2-Rev2 primers were alternatively used to amplify the A-alleles (ADH1B*2 and ALDH2*2). Each 25-μL PCR reaction mixture contained 12.5 μL of 2 × MightyAmp buffer Ver. 2 (TakaraBio), 2 μL of H2O, 0.5 μL of MightyAmp DNA polymerase, 1.25 μL of 8 μM ADH1B-Fwd, 1.25 μL of 6 μM of ALDH2-Fwd, 2.5 μL of reverse primer mixture (1.25 μL of 8 μM ADH1B-Rev1 + 1.25 μL of 6 μM ALDH2-Rev1 (for the G-alleles) or 1.25 μL of 8 μM ADH1B-Rev2 + 1.25 μL of 6 μM ALDH2-Rev2 (for the A-alleles)) and 5 μL of template (hair lysate or 100 fg of plasmid mixture). For triplex amplification of the ADH1B, ALDH2 and OPRM1 genes via AS-PCR, two additional primers (OPRM1-FwdG and OPRM1-Rev for the OPRM1*G allele or OPRM1-FwdA and OPRM1-Rev for the OPRM1*A allele) ( Fig. 1(C) ) were further added to the G-or A-allele-specific reaction mixture at a final concentration of 0.3 μM each. PCR amplification was carried out using a thermal cycler GeneAtlas G (ASTEC, Fukuoka, Japan) with the following two-step thermal cycles: an initial two minutes at 98 C, followed by 40 cycles of 98 C for 10 s and 68 C for 14 s. The PCR products were electrophoresed on 3% agarose gel containing GelRed dye in 1 × TAE (Tris/acetate/EDTA) buffer. The gel images were acquired using an UV transilluminator FAS III (Toyobo, Tokyo, Japan), and the genotypes of the ADH1B, ALDH2 and OPRM1 loci in each subject were confirmed using direct sequencing of PCR-amplified genomic DNA. 
Results and Discussion
In this study, we developed a rapid and simultaneous method for genotyping the SNPs of the ADH1B and ALDH2 genes. This method utilizes commercially available MightyAmp DNA polymerase and its buffer system, which enables the amplification of target genes from comparatively crude templates, such as hair lysates, prepared using simple alkaline lysis. We designed and optimized the primer sequences for duplex AS-PCR in order to specifically amplify the target alleles in a single-tube reaction. Furthermore, we optimized the two-step thermal cycles to obtain sufficient efficacy and selectivity of PCR amplification within a short time period. Most of the conventional AS-PCR genotyping based on the agarose gel electrophoresis utilizes a time-consuming, three-step thermal cycling program; for example, the total cycling times of more than two hours were expended in the previous AS-PCR-mediated genotyping of the ADH1B-and/or ALDH2 SNPs. 5, 11 The protocol optimized in this study allowed us to complete the entire genotyping procedure (from template preparation to the final electrophoresis analysis) in less than 1.5 h. Figure 2 shows the results of validation experiments using plasmid mixtures as template DNA corresponding to each ADH1B/ALDH2 genotype. The duplex AS-PCR reaction in a single tube successfully accomplished allele-specific amplification corresponding to the genotype of the template. Although a non-specific band at ~70 bp was detected in almost all samples, it was easily distinguished from specific amplification based on the product size. We next determined the ADH1B and ALDH2 genotypes of Japanese individuals (n = 25) using the alkaline lysates prepared from the subjects' hair roots as templates for AS-PCR (Fig. 3 and Fig. S1 (Supporting Information)). Table 1 summarizes the results of the genotyping. The determined genotypes were confirmed using conventional direct DNA sequencing, thus demonstrating the practical accuracy of our method. We also tested unprocessed hair samples as alternative templates for AS-PCR; however, under the same PCR conditions, the reproducibility of allele-specific amplification was relatively poor. Thus, it is important to use the same homogeneous template in both G-and A-allele specific reactions.
Finally, we also applied triplex AS-PCR for the simultaneous genotyping of an additional alcoholism-related SNP of the OPRM1 gene. Using the same thermal PCR cycles as in the duplex AS-PCR protocol, we were able to correctly genotype the OPRM1 SNP among randomly selected subjects without disrupting the allele-specific amplification of the ADH1B and ALDH2 genes (Fig. 4) .
In conclusion, we developed a simple and fast genotyping method for determining the SNPs of the ADH1B, ALDH2 and OPRM1 genes simultaneously. This method is easy to learn with minimal training, and requires only basic lab equipment, commercially available PCR enzymes and a relatively short period of execution, thus suggesting that it is particularly suitable for use in small-scale facilities and student practice.
